Objective: The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was designed as a cognitive screening test, providing both a total scale score and five specific cognitive ability index scores. This study examined the test-retest stability of the RBANS in individual patients with schizophrenia relative to a healthy comparison group.
phrenia and is evident across many cognitive domains. Deficits of learning, memory, and attention are the most reliable neuropsychological findings (1) (2) (3) . Impairments of executive function, visuospatial abilities, and language have also been associated with the illness (4, 5) . These cognitive deficits are present at the onset of the illness, tend not to be related to variations in the illness over time, are minimally related to symptom severity (6, 7) , and tend not to be ameliorated by traditional pharmacological therapies (8) , but are related to functional outcome (9) . As such, cognitive impairment in patients with schizophrenia is pervasive across a number of domains, and assessment of these domains is often indicated in clinical settings.
The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) is a standardized screening instrument designed to assess global neuropsychological functioning in a brief administration. This instrument measures several cognitive domains of interest in schizophrenia-immediate memory, visuospatial/constructional ability, language, attention, and delayed memoryand provides a global measure, the total scale score (10) . In addition, the RBANS offers two alternate forms to reduce the potential influence of practice effects in serial test administration.
In the initial reports on the use of the RBANS with patients with schizophrenia, Gold and colleagues (11) demonstrated that the test was sensitive to impairments typically found in schizophrenia. In a group of 129 patients, the mean RBANS total score was 71.4, nearly two full standard deviations (SD=15.0) below the normal mean reported in the RBANS manual. Further, RBANS performance was strongly related to functional outcome: competitively employed patients had a mean RBANS total scale score of 86.8 (SD=12.6), whereas unemployed patients had a mean score of 70.8 (SD=19.3). In the total study group, language and visuospatial functions were relatively spared, compared with more severe impairments of memory and attention. RBANS scores were relatively independent of symptom severity and were highly correlated with scores on the WAIS-III and Wechsler Memory Scale, 3rd ed. (WMS-III), but were less associated with measures of executive function, motor performance, and vigilance (12) . These data clearly indicate that the RBANS does not provide a comprehensive neuropsychological profile (see references 11 and 12 for discussion of this issue), but the brevity of the test may enhance its utility in a variety of clinical settings. In a smaller study group over a limited time interval, the RBANS exhibited good alternate-form test-retest reliability, with promising actual score and relative posi-tion stability, and lacked any indication of a practice effect (11). Thus, the preliminary report based on analyses of group data suggested that the RBANS might be a useful tool for evaluating changes in cognitive functioning related to changes in treatment or clinical state in individuals with schizophrenia.
There are several issues that need to be considered in evaluating the adequacy of the RBANS as a measure of change observed in individual subjects. As noted by McCaffrey and colleagues (13) , only the reliability coefficients are reported for the vast majority of psychometric instruments. Also, inappropriate measures of association, such as Pearson's correlation, are sometimes used to measure reliability. However, such measures of association do not necessarily assess agreement between ratings. For example, time-2 measures that are uniformly larger than time-1 measures will produce a large Pearson correlation but obviously cannot and do not reflect observed-score agreement. In contrast, the intraclass correlation coefficient (ICC) (14) assesses the degree of variation from time-1 to time-2 values. If these differences are small, ICC reliability will be high; large differences will yield a low ICC. Thus, in assessing true agreement, one should use the ICC as opposed to simple measures of association (e.g., Pearson's r).
In addition, it is often assumed that measures for individual patients behave in the same manner as the mean of that patient's clinical group. For example, although groups tested twice may obtain similar scores on the two test occasions, test-retest scores for the individuals in the group may fluctuate substantially (15, 16) . Matarazzo and Herman (17) examined the test-retest stability of the WAIS-R in 119 nonclinical subjects. They found that, despite the extremely high test-retest reliability coefficients for full-scale IQ reported in the manual (0.96 and 0.97) (18) and a relatively small difference in group test-retest score (6.2 points), individual subjects exhibited test-retest change scores ranging from losses of 12 points to gains of 20 points. Such a wide range was not simply an artifact of anomalous extreme values: the standard deviation of the change scores was 5.07 scaled score points for full-scale IQ, which yields 90% confidence limits of -2.18 (lower) and 14.63 (upper) . However, assuming the same sample size and standard deviation, only a 0.07-point decline or a 3.45-point gain would be required for statistical difference at the group level. Thus, when interpreting observed differences in scores, it is important to consider base-rate data rather than to extrapolate from group mean change scores.
The purpose of the study reported here was to examine the test-retest stability of the two RBANS forms over an extended period of time in a large group of patients with schizophrenia or schizoaffective disorder relative to a healthy comparison group. Specifically, our goals were to provide 1) ICC reliability coefficients for each of the RBANS cognitive index scores, 2) base-rate data for change in testretest total scale scores, and 3) total scale confidence intervals based on estimates of variability due to random measurement error. The base-rate data illustrate the percentage of patients with schizophrenia obtaining a given RBANS total scale change score. Confidence intervals are useful for assessing the degree of certainty that a given difference in total scale scores is not due to random measurement error. Such data may serve as an informative guide for evaluating individual neuropsychological change in patients with schizophrenia or schizoaffective disorder. This descriptive approach is appropriate for a test with published alternate forms and takes advantage of the large size of the study group in the analysis. Other recent approaches discussed in the neuropsychological literature are designed for tests lacking alternate forms or where the goal is highly precise predictions of retest score on the basis of complex regression models (15, 19-25, unpublished 1998 study of C.J. Chelune). The statistical approach and data presentation that follow were designed to inform everyday clinical decision-making.
Method

Subjects
Two patient groups totaling 181 participants were included in the analysis. All patients met the DSM-IV criteria for schizophrenia or schizoaffective disorder and did not meet the criteria for alcohol/drug dependence or mental retardation. Data for group 1 (75 outpatients, 24 inpatients) were collected at the Maryland Psychiatric Research Center. These patients (71 men, 28 women) were between the ages of 18 and 60 years (mean=39.89, SD=9.36) and had a mean of 11.71 years (SD=2.60) of education; 33 patients had less than 12 years of education, 36 patients had 12 years of education, 22 patients had attended but did not complete college, and eight patients completed 16 or more years of education. Data for group 2 (82 outpatients) were collected at the Sheppard Pratt Health System and Chestnut Lodge Hospital. These patients (51 men, 31 women) were between the ages of 20 and 64 years (mean=40.71, SD=9.70). Of these patients, seven had less than 12 years of education, 23 had 12 years of education, 24 had attended but did not complete college, and 27 patients completed 16 or more years of education (educational data were missing for one subject).
Data for 99 healthy comparison subjects were obtained from the RBANS standardization sample (10). These participants (28 men, 71 women) were between the ages of 24 and 86 years (mean=64.46, SD=14.76) and had a mean of 15.43 years (SD= 2.83) of education. No comparison participant had a history of stroke, seizure, or central nervous system infection or disease, or met the criteria for a major psychiatric illness.
Materials and Procedure
All participants received the alternate forms of the RBANS on two separate occasions. Patients in group 1 were approached after they were judged by their clinicians to be clinically stable. After providing written informed consent, 88 patients received Form A followed by Form B and 11 received the reverse order. The number of days between testing ranged from 14 to 134, with a mean of 50.65 (SD=27.28). Of these 99 participants, 59 remained on the same medication at the same dose during and between testing occasions and 40 experienced medication adjustment (type and/or dose change). Using a t test for independent groups, we observed no difference in total scale test-retest change scores between patients who had a medication adjustment and those who did not (t=-1.03, df=97, p=0.30). The data from these two groups were combined for further analyses.
Data for group 2 were collected under the auspices of a 16-week double-blind clinical trial of omega-3 fatty acid (eicosapentaenoic acid) supplements conducted at the Sheppard Pratt Health System and Chestnut Lodge Hospital. These patients were assessed to be clinically stable, and they provided written informed consent before entry into the study. Adjunctive to receiving their current antipsychotic medication regimen, patients were randomly assigned to receive either eicosapentaenoic acid or a mineral oil placebo. Both the intervention and the placebo were found to have inert effects on cognition. The eicosapentaenoic acid group had a mean total scale score of 75.12 at baseline with 76.07 at follow-up (a mean change of 0.95), whereas the placebo group had a mean total scale score of 70.68 at baseline compared with 73.71 at follow-up (a mean change of 3.03) (25) . All participants in this group received Form A followed by Form B.
T tests for independent groups were performed on the Form AForm B change scores to establish comparability of the Maryland Psychiatric Research Center and Sheppard Pratt Health System/ Chestnut Lodge Hospital patient groups. No statistically significant differences were revealed between the groups for any of the RBANS index or total scale change scores. Furthermore, the distributions of the change scores closely approximated a normal distribution for both groups (all data passed omnibus as well as skewness and kurtosis tests for normality). Consequently, the two groups were combined for a total of 181 patients.
The two RBANS forms were administered in a counterbalanced design for the standardization comparison participants: 52 participants received Form A followed by Form B, and 47 received Form B followed by Form A. The test-retest interval ranged from 1 to 7 days (10) . We compared the test-retest total scale scores of these two healthy comparison subgroups and unexpectedly found evidence of an order effect for Form B. Specifically, subjects tested on Form A first had a mean total scale score of 104.50 (SD= 12.43) followed by a Form B score of 105.19 (SD=12.22), yielding a mean Form A-Form B total scale score change of 0.69 points (SD= 7.94). Subjects tested with Form B first had a mean total scale score of 108.28 (SD=15.15) followed by a Form A score of 104.40 (SD=13.98), yielding a total scale score change of -3.87 points (SD=9.51). A repeated measures analysis of variance revealed a statistically significant interaction between test form and test occasion, with subjects receiving Form B first having a lower score on retest with Form A (F=6.76, df=1, 98, p=0.01). A Bonferroni post hoc t test using the mean square error for testing across time within the group receiving Form B first revealed a significant difference (t=3.05, df=194, p<0.01). Thus, the major component of this interaction was explained by the change from test occasion 1 to test occasion 2 within the group receiving Form B first (the analysis of the effect of Form A versus Form B on the first testing occasion was not statistically significant). We have no plausible explanation for this pattern of results. We considered possible nonspecific practice effects, subtle differences in difficulty across test forms, and the potential interaction of these two factors, but we could not produce a logical explanation for why Form B scores should be slightly higher only when this form was administered first. Thus, this appears to be a chance finding, and we have chosen to combine the two test order groups in the analyses reported below. Furthermore, although this test-order effect was statistically significant, the width of the test-retest confidence intervals given in the Results section illustrates the clinical "nonsignificance" of this result.
Data Analysis
Change scores for the total scale and each cognitive index were obtained by subtracting the observed score at time 1 from the observed score at time 2. T tests for independent groups were used to compare the groups on each of these change scores. Pearson's r was used as an index to assess changes in the relative rank of scores between time 1 and time 2, and the ICC was used as an index of observed-score agreement between these test scores. Statistical confidence limits were obtained for the total scale change score.
Results
The RBANS demonstrated clear sensitivity to the type of impairment observed in patients with schizophrenia: this study group of 181 patients had a mean total score of 71.81 (SD=14.92), nearly two standard deviations below the normal mean, very similar to the level of performance observed in our initial report (11). The RBANS pretest, posttest, and change scores for the patients and the healthy comparison subjects are presented in Table 1 . The actual mean differences in change scores were quite small (none were greater than 4 points) and thus were not likely to be clinically significant in light of the magnitude of the differences in the comparisons of the patients and the healthy subjects (approximately 30 points). Some of the test-retest change scores were significantly different between groups (e.g., total scale [t=2.91, df=278, p=0.004], immediate memory [t=2.24, df=278, p<0.03], language [t=3.94, df= 278, p=0.001], and delayed memory [t=2.9, df=278, p= 0.004]). However, the standard deviations of the change scores were strikingly similar between the two groups. For example, on the total scale, the standard deviation was 8.56 in patients and 8.97 in the comparison group. This suggests that the RBANS behaves in a remarkably similar manner in both groups across repeated testing occasions. Table 2 presents the measures of association (Pearson's r) and agreement-reliability (ICC) for each of the index scores for both groups. Despite having a markedly longer interval between test occasions, the patients tended to have a slightly higher measure of alternate-form test stability than the healthy comparison group. Within the groups, the Pearson r and ICC values were quite similar for each score, indicating that the members of each group tended to retain their absolute score as well as their relative rank across testing occasions. Thus, practice effects and "test sophistication" did not appear to be operative. In fact, some mean index scores were lower on the second test occasion (Table 1) . Overall, the total scale demonstrated the highest capacity for stable measurement across testing occasions.
Since the total scale yielded the highest test-retest stability and is a more global measure of cognitive functioning, we chose the total scale score as a basis for presenting base-rate data and calculating confidence intervals. Figure  1 presents the percentage of subjects in each group obtaining a given total scale change score. It is noteworthy that the distributions of the change scores were exceptionally similar for both groups. Although a very small percentage of subjects exhibited no change at all, more than 50% of the patients had differences in scores of ±5 points. Among the healthy comparison subjects, approximately 42% had differences of ±5 points. Seventy-eight percent of the patients were within ±10 points, and 73% of the healthy comparison subjects fell within this range.
The tails of this distribution provide the frequency of a given increase or decrease in total scale change scores. For example, by adding the values at 10 and below (through -30), one can see that 83.96% of the patients with schizophrenia obtained a change score of 10 points or less (82.82% of the healthy comparison subjects showed the same rate of change). Conversely, if one wanted to determine the percentage of subjects whose scores changed by -5 points or greater, one could add the percentages from -5 through 30 (in this case, 82.3% of patients showed this rate of change versus 74.74% of healthy comparison subjects). Such baserate data provides a tool for the clinician to assess the rarity of a given change score.
Confidence limits for the total scale change scores for patients with schizophrenia and the healthy comparison group are presented in Table 3 . Overall, the confidence intervals tended to be large, requiring more than a 10-point change in either direction to establish even a 90% confidence interval. However, this was true for healthy comparison subjects as well as for patients. Moreover, any given confidence interval was slightly larger for the healthy comparison subjects than for the patients with schizophrenia. This result is likely a function of the smaller size of the comparison group. 
Discussion
The results of this study indicate that the RBANS is a potentially useful instrument for evaluating neuropsychological change in patients with schizophrenia. Alternateform stability coefficients for patients with schizophrenia obtained over longer test-retest intervals (i.e., a mean of 7 weeks in group 1; 16 weeks in group 2) were remarkably comparable to (in fact slightly higher than) reliability coefficients for the healthy comparison subjects obtained over an interval of 1 week or less. Also, the ICCs were comparable to the Pearson coefficients, indicating that the stability of the relative rank of scores across testing occasions was driven by absolute score stability.
The RBANS index scores, however, were not equally stable. The language index stability coefficient was relatively low for the patients with schizophrenia and even lower for the healthy comparison subjects. This is likely a consequence of the language index score variability being driven primarily by only one subtest (speeded verbal fluency). However, the total scale score was quite promising, with a stability coefficient rivaling that reported for the WMS-III general memory index (for the RBANS, stability coefficient=0.84 for patients and 0.77 for comparison subjects; for the WMS-III, stability coefficient=0.87) (26) . The attention index was also highly stable (stability coefficient=0.81 for patients and 0.76 for comparison subjects), approaching that of the WAIS-III processing speed index (stability coefficient=0.88) (26) . The RBANS stability coefficients were impressive, in light of the fact that the WAIS-III and the WMS-III can each take three times as long as the RBANS to administer. On the basis of these data, the RBANS is a viable candidate for evaluating neuropsychological change in longer-term interventions.
When evaluating the differences between an individual's scores obtained on two separate occasions, practitioners can approach clinical decisions in two different ways. The first is by examining the base rate for change scores in a similar diagnostic group. This approach specifies how rare (or common) it is for a given change in scores to occur in the reference group. For example, a practitioner might wish to know how common it is for a patient with schizophrenia to have a decrease of more than 10 points on the RBANS total scale when the patient is retested in the absence of any intervention (the inverse approach can be applied to improvement). If the percentages of subjects with more than a 10-point decline (Figure 1 ) are added, it can be noted that such a decrease occurred in fewer than 5.52% of the patients with schizophrenia in the study (and fewer than 9.09% of the healthy comparison subjects). In determining the level of improvement in patients, an increase of greater than 10 points was also rare (16.01% of subjects exhibited this degree of change in our study group). This level of increase is nearly two-thirds the 16-point difference between the mean total scale scores for unemployed and employed patients reported by Gold et al. (11) . Indeed, retest improvements of 15 points occurred in only 4.41% of patients, suggesting that this degree of change is unlikely to occur by chance and is likely to be clinically significant. In fact, an improvement of 15.8 points defined the upper limit of the 90% confidence interval, an uncanny identity between observed change score distributions, confidence intervals, and clinical criterion validity data.
Another approach to evaluating neuropsychological change is to establish limits for a "statistically significant" difference in scores versus a difference based on measurement error. Confidence intervals can be used to accomplish this end. For the patients with schizophrenia and for the healthy comparison group in this study, the confidence intervals tended to be large: at 90% confidence, the distance between the lower limit and the upper limit for the total scale score was 28.3 for patients and 29.8 for comparison subjects, indicating that a greater change in a test score is required if the practitioner wishes to be assured that such change is not the result of random measurement error. The differences between the limits for the healthy comparison subjects and the patients with schizophrenia for any given confidence interval were trivial (an average difference of 1.4 points), further suggesting that the stability of the RBANS is similar in these two groups. The dramatic difference between decision making on the basis of group versus individual data is evident: with group data, an observed mean change of 1.69 points was significant at the 0.05 level of confidence; however achieving this level of confidence at the individual level would require a substantially larger change in score.
Although the RBANS confidence intervals may appear large, other well-respected, commonly used neuropsychological measures have comparable intervals. The WAIS-R, which is the most widely used neuropsychological measure, also yields strikingly large confidence intervals: in a study by Matarazzo and Herman (17) , the 90% confidence interval for full-scale IQ in a group of 119 healthy comparison subjects had a 16.8-point difference. Using the reliable change index (corrected for practice) with 90% cutoff values, Sawrie and colleagues (23) found t intervals of 36 points for the WMS-R general memory index and 40 points for the WMS-R attention/concentration index. Thus, large test-retest confidence intervals are not unique to the RBANS and illustrate the difficulty of assessing change at the level of a individual subject. The confidence level or percentile chosen to aid in decision making should be based on the degree of confidence that the clinician feels is adequate for making treatment decisions. Such decisions, however, are rarely symmetrical, with practitioners most likely electing to err on the side of caution when faced with anticipated risks or evidence that suggests clinical deterioration. For example, to be outside of the 90% confidence limits, a conventional and conservative statistical standard, a patient's scores would need to show a retest decline greater than 13 points (we observed this level of difference in 4.4% of subjects). However, decreases of 8 or more points occurred in only 10% of subjects, and decreases of 6 or more points occurred in 14% of subjects. Thus, even relatively modest declines were infrequent. In light of this fact, a clinically conservative approach to decision making might warrant seeking additional corroborating evidence of deterioration when faced with declines in test scores that approach, but do not reach, conservative statistical standards. In the absence of such corroborating evidence, it is difficult to justify decision making that is based on a misunderstanding of the limits of measurement reliability (i.e., deciding that a patient has truly deteriorated clinically when a 6-point test-retest decline has been observed). Such weighting of clinical judgment versus statistical confidence varies as a function of the risks and costs of decision making.
Certainly, there are other means of establishing test stability. However, for the purposes of aiding a wide variety of clinical professionals to make treatment decisions, our method is straightforward and easily applied. More sophisticated multiple regression models would be able to narrow the confidence interval somewhat (24) ; however, these models pose the disadvantage of being less user friendly. Consequently, they might be less frequently applied in a treatment setting. Other methods have also been proposed (15, 22) . However, they are inappropriate for tests with alternate forms and offer no substantial advantage in terms of reducing confidence intervals.
Overall, the RBANS performed with adequate test-retest stability, given that the instrument was designed as a brief screening tool and can be used by professionals with varying levels of experience with neuropsychological testing. Other test batteries might provide greater test-retest stability and additional measures of interest (e.g., the RBANS does not measure problem-solving/executive function). In accomplish these aims, however, test batteries would likely have to be substantially longer, which may be prohibitive in some settings. Moreover, the gains in reliability achieved by increasing test administration time may be surprisingly modest, given the apparent comparability of the RBANS and the Wechsler scales. Alternatively, the Mini-Mental State Examination (27) , designed for its brevity of administration, does not appear adequately sensitive to the level and pattern of impairment observed in many patients with schizophrenia (28) . In addition, the Mini-Mental State Examination has shown less sensitivity to disease progression in Alzheimer's disease patients than the Mattis Dementia Rating Scale (29) , a test that resembles the RBANS in terms of administration time. Thus, the RBANS appears to offer both the sensitivity and reliability necessary for repeated assessments. In addition, the RBANS offers age-scaled norms and an alternate form to aid in circumventing age and practice effects. Although it may have some limitations, the RBANS is a clinically useful screening instrument with test-retest stability that compares favorably with other commonly used psychometric instruments.
